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Abstract 
The health effects of silica and the connection to occupational exposure has been known 
for years.  In March of 2016, the Occupational Safety and Health Administration (OSHA) of the 
Department of Labor (DOL) published a new standard meant to reduce workers’ exposure to 
silica. The standard update was set forth to further protect workers; OSHA estimates this revision 
will prevent more than 600 silica-related deaths each year.   
A key feature of the updated OSHA standard emphasizes the use of engineering controls 
and work practices in certain industries.  Material handling of industrial sand is a known cause of 
silica overexposure in many industries.  A novel sand coating technology designed as an 
engineering control has been tested to reduce worker exposure to airborne silica.  This study 
looked at whether the airborne silica concentrations could be reduced by applying this 
technology.  Area air samples were collected for baseline samples along with coated samples, 
which were analyzed for respirable dust. The percent reduction was calculated to determine if the 
coating was able to reduce the airborne silica concentration.   
This study found that the application of the coating was able to reduce the airborne silica 
concentration, but the reduction did not meet the benchmark of 80% as set forth for the study. 
Additional studies to refine application and dosage of the sand coating may result in meeting this 
benchmark in future studies. Study limitations include small sample size and the truncated 
sampling time period for some of the samples collected, along with meteorological and site 
conditions. 
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Introduction 
Silica or silicon dioxide (SiO2) is a naturally occurring compound found on earth. Silica 
is a basic component of sand, soil, and other materials found in nature.  The most common forms 
of silica include quartz, cristobalite, and tridymite (OSHA, 2002).  The main route of exposure to 
respirable silica is through inhalation, causing adverse health effects.  Silicosis, lung cancer, 
chronic obstructive pulmonary disease (COPD), and kidney disease have been linked to silica 
exposures (NIOSH, 2016).  The International Agency for Cancer Research (IARC) has classified 
silica as a Group 1 carcinogen – “carcinogenic to humans” (IARC, 1997).  Silicosis is a lung 
disease that can be characterized by the inhalation of particulate matter containing silica that is 
deposited deep into the lungs.  The respirable fraction is important when studying exposure to 
particulate matter.  This portion is made up of particles that are up to 10 µm in aerodynamic 
diameter and that can settle deep into lung tissue (Dahmann, 2008).  Once this particulate matter 
has been deposited into the lung tissue, the body does not have the ability to expel or remove the 
material; this material ultimately damages the lung tissue. 
There are three types of silicosis that can be developed, dependent upon the airborne 
concentration of respirable silica to which an individual is exposed. Chronic silicosis often 
occurs 10 or more years after exposure to a low concentration over a greater length of time.  
Accelerated silicosis can occur between five to 10 years after the first exposure.  Acute silicosis 
is often brought on by exposure to high concentrations of respirable silica and can manifest as 
early as four to five weeks from exposure (WHO, 2000). 
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The general population may be exposed to silica; however, the exposures of greatest 
concern are those of an occupational nature.  The US National Institute for Occupational Safety 
and Health (NIOSH) estimated that about 1.7 million United States (US) workers are potentially 
exposed to respirable crystalline silica (NIOSH, 2016).  Exposures can occur, but are not limited 
to when workers cut, grind, drill, saw, or crush materials such as rock, concrete, or sand.  
Workers in a large variety of industries have the potential to be exposed to silica, including 
individuals working in mining, construction, foundry operations, and those in the oil and gas 
industry. Onshore drilling and extraction activities employed by the oil and gas sector fall within 
the jurisdiction of OSHA.  In recent years, OSHA has seen a decrease in silica exposure levels 
within some high-risk construction industries. Hydraulic fracturing employs a solid material 
called a proppant, which is injected into wells to hold open fissures underground to recover 
hydrocarbons (JOEH, 2013).  With continued growth of industries such as the oil and gas sector 
and their use of silica-containing sand as a proppant, the risk of silica exposure must be 
considered when conducting these operations, as well as the mining, material handling, and 
transport of this sand (JOEH, 2013).  
In order to further protect the workforce, OSHA amended the existing standards for 
occupational exposure to respirable silica (OSHA, 2016).  The standard was published in March 
2016 and will be phased in over five years, beginning in June 2017.  The new standard reduced 
the permissible exposure limit (PEL) for workers from a calculated value based on the silica 
content of the sand to a total of 50 µg/m3, or 0.05 mg/m3 of dust, averaged over an eight-hour 
shift.  The previous standard calculated the time weighted average (TWA) concentration for the 
OSHA PEL of respirable dust containing less than 1% silica, the percentage of silica in the 
sample was determined by dividing the quartz results for each sample by amount of respirable 
3 
 
dust and multiplying by 100.  A PEL was previously calculated for each sample using the 
formula for general industry: 10mg/m3 ÷ (%SiO2+2).  This value was determined to be outdated 
and inadequate for protecting workers’ health.  The agency determined that occupational 
exposure to respirable crystalline silica at the previous PELs would still result in a significant 
risk of developing or dying from silica related diseases and that compliance with a 50 μg/m3 PEL 
would substantially reduce that risk (OSHA, 2016). This new limit will still carry hazards, but 
OSHA determined compliance with the new PEL to be the lowest level that can reasonably be 
achieved through use of engineering controls and work practices in most affected operations 
(OSHA, 2016).  The American Conference of Governmental Industrial Hygienists (ACGIH®) 
Threshold Limit Values (TLVs®) (Current Edition) recommends an even lower exposure limit of 
25 µg/m3.  The OSHA PEL is currently enforceable as a governmental regulation while the 
ACGIH® TLVs® are recommended practices.   
In addition to the reduced PEL, the update to the standard also includes added 
requirements, including monitoring and medical surveillance requirements when exposure levels 
may exceed the action level (AL) for 30 or more days in a year.  Once the standard has been 
implemented, employers will be responsible for training workers about the dangers of respirable 
crystalline silica exposure and how to limit these potential exposures.  If measured exposures 
reach or exceed the AL of 25 µg/m3 (0.025 mg/m3) as an eight hour TWA for more than 30 days, 
medical surveillance including pulmonary function testing and chest x-rays must be made 
available to employees every three years.  Medical records from employees must then be 
maintained for the necessary number of years, including medical examinations used to determine 
employees’ ability to wear respiratory protection.  OSHA employers covered by the general 
industry and maritime standard have until June 2018 to comply with most requirements. Industry 
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responsible for hydraulic fracturing must comply by June 2018 for all provisions except 
engineering controls, which has a compliance date of June 2021 (OSHA, 2016). 
Dust suppression techniques have been utilized in the past to minimize worker exposure 
to dust, including respirable crystalline silica. Techniques have included the use of equipment 
with integrated exhaust shrouds or water to reduce the airborne dust. There are applications 
where the use of water is an acceptable method for dust suppression, but in some cases the 
addition of water may not be feasible.  When water is not an option, water soluble additives can 
be utilized as dust suppressing agents.  A previous study published in the Journal of 
Occupational and Environmental Hygiene examined the use of a water soluble additive when 
cutting concrete.  The article by Summers et al. (2015), determined that the additive had a 
practical application for reducing respirable dust when water was in short supply.  There are 
additional situations where the use of water as a suppressant technology may not be advised.  
The novel sand coating that was examined in this research was developed to reduce the potential 
exposure risk to respirable crystalline silica in the oil and gas sector. Material handling 
operations for the industrial sands, which are used in the oil and gas sector are one of the largest 
exposure potentials for respirable crystalline silica. Product development for the coating focused 
on the ability to reduce the airborne concentrations of respirable silica without affecting the 
functionality of the sand or introducing additional environmental or health and safety concerns.  
The purpose of this study was to examine if a novel sand coating technology could 
reduce the airborne silica concentration when applied to silica sand. Area air samples were 
collected to determine of an 80% reduction of airborne silica concentration was achieved. 
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The University of South Florida’s Institutional Review Board (IRB) determined this 
study did not constitute research under their definition, since no human subjects were studied.  A 
copy of this determination can be found in Appendix A. 
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Literature Review 
Assessment of Exposure in Epidemiological Studies: The Example of Silica Dust 
Occupational exposure to respirable crystalline silica is a well-established hazard.  IARC 
has labelled silica as a human carcinogen, and ranks it among the more recurrent occupational 
exposures to an environmental carcinogen, just below tobacco smoke and ambient UV light 
(Kauppinen et al., 2000).  Dahmann et al states that silica dust is so prevalent in industrial settings 
that baseline exposure cannot be avoided (Dahmann, 2008).  The review published in the Journal 
of Exposure Science and Environmental Epidemiology (2008) looked at the specific 
methodologies used to assess exposure in several studies.  This study was considered to be a high 
priority in regards to estimating exposures and controlling potential risks, since uncertainties in 
exposure assessment may have serious implications on workers’ health.  Previous studies have 
looked at dust as an agent; however, re-assessment was necessary since there were differences in 
the measuring devices used, the different sampling strategies used across countries, industries, and 
overtime (Dahmann, 2008). 
 This exposure assessment was conducted to develop a comprehensive exposure metric for 
respirable crystalline silica.  Information was used to construct a database in regards to exposure 
situations in order to improve the risk estimation and to decrease uncertainties in the exposure 
assessment.  The study stated that the two important considerations when looking at the exposure 
assessment were the occupational setting and the mineral characteristics of the silica (Dahmann, 
2008).  
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Occupational Exposure to Respirable Crystalline Silica During Hydraulic Fracturing 
With the emergence of hydraulic fracturing (“fracking”), workers continue to join the oil 
and gas industry.  The process of fracking involves the injection of large volumes of water and 
proppant, along with smaller amounts of treatment chemicals, into a well in order to fracture rock 
formations (Esswein, 2013).  The fracturing of the rock formations allows for the extraction of 
hydrocarbons from a petroleum-bearing reservoir.  The use of the proppant serves to hold the 
fractures open to increase the efficient collection of the hydrocarbon materials (Esswein, 2013).  
Aluminum pellets, man-made ceramics, and silica sand can be used as a proppant during the 
fracking process. Most commonly, fracking employs sand, referred to as “frac sand”.  The 
crystalline silica content in the “frac sand” introduces an exposure risk to the oil and gas workers, 
as well as any workers responsible for the material handling prior to use, such as members of the 
mining or transport sectors.   
A study published in the Journal of Occupational and Environmental Hygiene (JOEH) by 
Esswein, et al (2013) described the previously uncharacterized occupational exposures to 
respirable crystalline silica for oil and gas workers during fracking activities.  During this study, 
111 personal breathing zone (PBZ) samples were collected across 11 sites to evaluate exposures 
to respirable crystalline silica.  Full-shift samples at all 11 sites exceeded the exposure criteria 
(OSHA calculated PEL, NIOSH REL, and /or ACGIH TLV).  Based on the data, it was determined 
that an occupational exposure to respirable crystalline silica exists during fracking activities.  
Using the data collected in the study, dust generation points were identified for the work activities, 
as well as from the sites themselves.  Recommendations for controls were given in the study 
including material substitution (when feasible), engineering controls including modifications to 
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the sand handling machinery, administrative controls, and the use of personal protective equipment 
(PPE). 
The novel sand coating technology was developed to reduce the potential exposure risk to 
respirable crystalline silica when handling and working around sand that has been coated.  
Additionally the coating should not affect the functionality of the sand or introduce additional 
environmental or health and safety concerns.  According to the patent filed in March 2015, the 
material was developed to provide surface protection in order to “[reduce] the generation of 
dust/fumes from the proppant caused by abrasion and impingement during transportation and 
conveyance, particularly pneumatic transfer.”  The patent claims that not only does this coating 
improve the recovery of oil and gas, but that additional desirable effects allows for users of the 
coated proppant to be in compliance with applicable regulatory standards.  The patent states that 
the coating can reduce the airborne silica concentration by 70%.  In addition to worker safety 
issues, the patent claims that the coating will not adversely impact the environment, and can be 
considered as “sustainable” and “green” in reference to being environmentally friendly.  A 
confidential product Safety Data Sheet was provided to confirm the claims that there are no 
additional hazards arising from the use of the coating; a copy can be found in Appendix B.  
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Methods 
Sampling activities were conducted during material handling operations at a barge 
loading site in the state of Missouri.  Five monitoring areas were sampled over four days in May 
2016.  Sample locations are shown in Figure 1 and an aerial view of the site is found in Figure 2 
below.  40/70 (210 µm - 420 µm) mesh sand was brought in by truck, loaded onto conveyor 
belts, and transferred into a barge.  The coating was applied at the plant location using five spray 
nozzles for a targeted coating rate of 2.8 lbs/ton.  The spray was applied directly to the sand as it 
traveled down the conveyor to the truck loading area.  The sand was not mechanically mixed at 
the time of application, but was allowed to agitate as it traveled over the conveyor systems, 
loaded into trucks, and transported to the barge loading site.  A single round of deliveries could 
range from as few as five trucks to as many as twenty-five but was typically around ten.  Once 
the trucks were unloaded, they returned to the plant to receive another load of sand.  Round trip 
delivery time for the trucks could vary from one and a half hours to four hours. 
Full-shift (typically 8 hour) area air samples were collected from the five monitoring 
areas.  Each monitoring area was sampled for respirable silica using GilAir personal sampling 
pumps (Sensidyne, LP, St. Petersburg, FL) connected to pre-weighted, 5-µm polyvinyl chloride 
filters in three-piece, 37 mm sampling cassettes (provided by SGS Galson Laboratories, East 
Syracuse, NY).  The respirable fractions were captured using aluminum cyclones (provided by 
SGS Galson Laboratories, East Syracuse, NY).  Sampling trains were calibrated in-line to the 
recommended flow rate for respirable particulate using an aluminum cyclone at 2.5 L/min and 
post-calibrated with a Dry Cal Defender 510- M (Bios International, Bulter Park, NJ). Cyclones 
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and cassettes were affixed to a stationary tripod approximately four to five feet off the ground, to 
mimic the height of a workers’ breathing zone. 
All samples were submitted to an AIHA®- accredited laboratory, and analyzed according 
to the NIOSH Manual of Analytical Methods (NMAM) method 0600, for gravimetric analysis of 
respirable silica, NMAM method 7500 and a modified OSHA ID-142, X-ray diffraction analysis 
for crystalline silica (quartz, cristobalite, and tridymite).  For the purpose of this research only 
the quartz concentrations were examined as part of the study. 
The study had an assigned benchmark of an 80% airborne reduction of respirable silica, 
this benchmark was not derived by any methodical designation, rather was set forth by the 
potential consumer of the coating technology.  Because the samples collected were area samples, 
the results cannot directly be compared to the OSHA PEL for any regulatory standpoint; the 
values are relevant to studying the potential protective properties of the coating.  
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Weather 
A handheld Kestrel 5400 WBGT Heat Stress Tracker (Nielsen-Kellerman Co., 
Minneapolis, MN) was used to record environmental parameters including temperature, relative 
humidity, barometric pressure, and estimated wind speed for each day sampled and is provided 
in Table I. 
Table I: Average Meteorological Data for Days Sampled  
Environmental 
Conditions 
Temperature (°F) 
Relative 
humidity (%) 
Barometric 
pressure (inHg) 
Estimated wind 
speed (mph) 
Sampling Day 1 58.9 55 29.84 7 
Sampling Day 2 59.7 76 29.81 7 
Sampling Day 3 70.0 44 29.77 7 
Sampling Day 4 61.0 72 29.64 2 
 
Overcast site conditions were observed during Sampling Day 1.  Light and sporadic rain 
showers occurred for the first half of the day.  Winds originated predominantly from the east and 
northeast at an estimated seven miles per hour (mph).  This sampling activity was conducted as 
baseline sampling - no sand coating was applied to the materials sampled during this day. 
During Sampling Day 2, the winds originated predominantly from the north and 
northeast, with speeds around seven mph.  Sampling Day 3 included winds originating 
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predominantly from the north and northeast, with speeds around seven mph.  Coating was 
applied during these two days of the sampling period. 
During Sampling Day 4 the winds were originating predominantly from the North, with 
speeds around two mph.  Overcast skies with light and sporadic rain was observed during the 
sampling period. This concluded as baseline sampling - no sand coating was applied to the 
materials sampled during this day. 
 
Site Diagram
 
Figure 1: Site Schematic for area air sample locations 
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Figure 2: View of site – North facing 
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Results 
The analytical result provided by the laboratory and the calculated percent reduction of 
airborne silica are presented in the tables below.  
 
Table II: Respirable Silica Area Sampling Results Quartz Concentration NIOSH Method 0600/7500 
& OSHA ID 142 
Date Sample ID Sample Location 
Coated 
(mg/m3) 
Uncoated 
(mg/m3) 
Sampling Day 1  
North Truck Loading Area 
  
 976916  0.052 
 
976926 On Barge, East of Chute Area  <0.0044 
 
976946 On Barge, West of Chute Area  0.049 
 
976838 South Truck Loading Area  0.25 
 
976949 Truck Tailgate Loading Area  0.073 
Sampling Day 2     
 
976935 North Truck Loading Area 0.02  
 
976950 On Barge, East of Chute Area 0.017  
 
976952 On Barge, West of Chute Area 0.066  
  976957 South Truck Loading Area 0.062  
  976937 Truck Tailgate Loading Area 0.13  
Sampling Day 3     
 
976940 North Truck Loading Area 0.066  
  976948 On Barge, East of Chute Area 0.084  
  976956 On Barge, West of Chute Area <0.0044  
  976951 South Truck Loading Area 0.18  
  976947 Truck Tailgate Loading Area  0.0071  
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Table II: Respirable Silica Area Sampling Results Quartz Concentration NIOSH Method 0600/7500 
& OSHA ID 142 (Continued) 
Date Sample ID Sample Location 
Coated 
(mg/m3) 
Uncoated 
(mg/m3) 
Sampling Day 4     
 
976954 North Truck Loading Area  0.19* 
  976958 On Barge, East of Chute Area  <0.013* 
  976953 On Barge, West of Chute Area  0.072* 
  976955 South Truck Loading Area  0.2* 
  976934 Truck Tailgate Loading Area  0.25* 
     
Lab results provided by Galson Laboratories that contain “<” were found to have a sample concentration that was at least below the indicated 
level of detection (LOD). For the purposes of reporting data, the concentration were reported as the value determined to be the LOD and 
calculations were based on that value.  
*:  Denotes sampling volumes that were below the recommended minimum sampling of 400 liters for the NIOSH method 7500. 
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Table III: Percent Reduction of Respirable Silica when Handling Coated Sand 
  Coated Uncoated   
Site Location 
Min 
(mg/m3) 
Max 
(mg/m3) 
Average 
(mg/m3) 
Min 
(mg/m3) 
Max 
(mg/m3) 
Average 
(mg/m3) 
Percent 
Reduction 
North Truck Loading 
Area 
0.02 0.066 0.043 0.052 0.19 0.121 64% 
On Barge, East of 
Chute Area 
0.017 0.084 0.0505 <0.0044 <0.013 0.0087 -480% 
On Barge, West of 
Chute Area 
<0.0044 0.066 0.0352 0.049 0.072 0.0605 42% 
South Truck Loading 
Area 
0.062 0.18 0.121 0.2 0.25 0.225 46% 
Truck Tailgate 
Loading Area 
0.0071 0.13 0.06855 0.073 0.25 0.1615 58% 
Average for All 
Locations 
0.0221 0.1052 0.06365 0.07568 0.155 0.11534 45% 
Average Excluding 
East of Chute data 
0.023375 0.1105 0.0669375 0.0935 0.1905 0.142 53% 
Lab results provided by Galson Laboratories that contain “<” were found to have a sample concentration that was at least below the indicated 
level of detection (LOD). For the purposes of reporting data, the concentration were reported as the value determined to be the LOD and 
calculations were based on that value.  
 
-:  Denotes an increase in the Respirable Crystalline Silica concentrations measured (values shown in red). 
Percent Reduction of Respirable Silica  
An overall percent reduction of 45% for airborne respirable silica was observed when 
averaging results for all locations when handling the coated sand as compared to the baseline (Table 
III).  The sample concentrations were averaged at each location for both the coated and the uncoated 
samples.  These averaged values were used to calculate a percent reduction of respirable silica.  
17 
 
Excluding the “On Barge, East of Chute Area”, the individual locations ranged from a percent 
reduction of 42% at the “On Barge West of Chute Area” to 64% at the “North Truck Loading Area”.  
The “On Barge, East of Chute Area” was the only area to show an increase in the amount of 
respirable silica captured on the days in which the coated sand was handled (increase of 480%).  
Excluding the “On Barge, East of Chute Area”, an overall reduction of 53% was observed when 
handling the coated sand. 
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Discussion 
The samples examined in this study were area air samples only, and thereby cannot be used 
to determine personal exposure or regulatory compliance. Area air samples cannot be compared 
to the regulatory standards, but may be used as illustrative values when looking at the performance 
of the coating.  In previous studies it has been thought that personal samples are of greater 
experimental value than area samples (Dahmann, 2008).  This was in large part because of the 
respirable dust concentration in the PBZ, and the considerably lower suction rates of personal 
samplers than that of the area samplers.  In recent studies it has been noted that if the same 
standards are followed for area sampling that are employed during personal sampling, the personal 
samples cannot be considered to have more significance than area samples (Dahmann, 2008). The 
data collected in this study may provide an initial overview of potential risk reduction for respirable 
silica, but it must be noted that future research would be necessary to accurately portray specific 
benefits to worker protection.  The research was conducted to compare baseline concentration data 
to the concentrations of coated samples in order to examine the airborne silica reduction capacity 
of the coating as tested. 
Potential Influencing Factors 
Several factors may have caused the sampling results to appear unrepresentative of 
typical exposures, including the predominant wind direction on sampling days preventing 
capture of particulates on the cassette media, along with the rainy conditions on Sampling Day 1. 
The lack of documentation of the coated sand deliveries and the gas blower usage to remove 
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sand from the lid of the barge on Sampling Day 2 – 4, that may have resulted in higher levels of 
particulates, and lower than recommended sample volume collected due to a shorter period of 
loading on Sampling Day 4.   
Percent reduction calculations were completed for all locations and also calculated 
excluding the data from the “On Barge, East of Chute Area” due to concerns of unrepresentative 
data.  The data collected from “On Barge, East of Chute Area” was not typical of the overall results.  
With the wind originating from the east, it is likely that the particulate matter was carried away 
from sampling equipment and not captured on the sampling media, resulting in lower or undetected 
sample concentrations during the uncoated sampling days.  This low baseline concentration would 
not provide representative data when compared to the coated samples.  While the monitoring 
stations were stationary, the wind speed and direction varied throughout the course of the sampling 
and these conditions may have influenced the amount of particulate collected during sampling.  It 
should also be noted that rainy conditions will decrease the levels of particulates suspended in the 
air and may not be representative of sampling occurring during dry conditions.   
The application process used to apply the sand coating for the field sampling was 
different from the application process previously s in the research and development (R&D) 
phase.  Inadequate mixing and coating of the sand with the novel sand coating technology may 
have diminished the coating’s ability to reduce the airborne silica concentration. The original 
application was designed to use five spray nozzles at the plant with a targeted coating rate of 2.8 
lbs/ton via spray nozzles.  An issue with the location of one spray nozzle required that nozzle to 
be shut down around 11:00 am on Sampling Day 2, and the coating was applied with only four 
nozzles for the remaining application.  The sand was not mechanically mixed at the time of 
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application; however during the R&D phase, the coating was mixed to ensure coating on all 
sides.  During Sampling Day 3, the coating system was only run intermittently.  The coating 
system was started when the conveyors belt were started up and was turned off once the belts 
were shut down.  The coating application may not have been evenly distributed to the outside of 
the sand and may not have presented optimal dust suppression during sand handling as a result.  
It was not well documented at the plant load out area which trucks received the coating during 
the first deliveries of the Sampling Day 2 and 3.  Since the trucks were loaded at the plant and 
travelled almost 45 minutes to unload at the barge site, the order in which the trucks were loaded 
and unloaded may potentially have changed during transit.  The possibility that uncoated sand 
were unloaded during the coated sand sampling period could not be eliminated without specific 
documentation. 
During all sampling days, with the exception of Sampling Day 1, the barge lid was 
cleaned of excess sand debris.  The activities used to clean the barge lid included the use of a 
high powered blower to remove the sand debris.  Visible dust was observed being blown off the 
barge lid, with some of the emissions carried back to the area where the sampling equipment was 
located.  This visible emissions observed may have resulted in higher than normal results on 
those days. 
 The sample duration was truncated on Sampling Day 4 due to the limited deliveries that 
occurred during this day.  The typical duration for deliveries extend over an 8 hour work shift, on 
this day the delivery duration was approximately two hours, which was not representative in 
terms of length of the sampling period.  Concentrations from short interval sampling may 
overestimate the total shift exposure, as it does not account for the periods of zero or low 
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exposures (Dahmann, 2008).  The NMAM for 7500 recommends a minimum of 400 liters (L) be 
collected during the sampling period; the minimum volumes were not collected during Sampling 
Day 4 activities.  The low sample volumes collected increases the chances of non-detection for 
respirable silica particulates, as observed in this area on Sampling Day 4. 
Study Limitations 
This study was limited due to small sample size and the truncated sampling time period 
for some of the samples collected.  Observed factors that may have influenced the data collected 
during the study include weather, wind direction and speed, and the coating application method.   
It should be noted that results of sampling at this site location may not correspond to the 
exposures at other locations; this data was dependent on the site configuration, equipment, and 
weather conditions at the time of sampling.  The area sampling results in this study are not 
indicative of personal samples or other potential situations or environments. 
Future Research  
Although the use of the sand coating did show a reduction in the concentration of airborne 
silica, it did not meet the 80% reduction assigned for this study.  Refinement of the application 
process for the coating may be a primary factor for not meeting the assigned benchmark.  
Application of the coating as it was studied in the R&D phase, so that the coating is thoroughly 
applied to the sand and mixed in order to ensure even distribution would need to be studied.  
Application of the coating in the field in same manner in which it was tested in the laboratory may 
illustrate reduction in future research.  Additional future research - including the collection of 
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additional samples and the collection of personal samples - may offer a more accurate idea of the 
ability of the coating to reduce airborne silica.   
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Conclusion  
Based on the comparison between the uncoated and coated area air samples collected 
during this study, the novel sand coating technology was able to show a 45% reduction of 
airborne silica concentration. The results achieved during this study did not meet the benchmark 
of 80% set forth for this study, but did illustrate that with more research which could include 
technical improvements to the product and refinement to the application process, the desired 
reduction values may be possible.   
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Appendix A: 
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Appendix B: 
Safety Data Sheet  
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Appendix C: 
List of Equipment and Instrumentation 
 
2 piece 37 mm diameter 5-µm PVC Membrane Filter Sampling Cassette 
 
3 piece 37 mm diameter 5-µm PVC Membrane Filter Sampling Cassette 
 
Aluminum Cyclone and Calibration Chamber 
 
Bios DryCal Defender 510-M primary calibrator 
Serial Number: 127807 
 
Gilian GilAir-5 Air Sampling Pump 
Pump Number: PG679 
 
Gilian GilAir-5 Air Sampling Pump 
Pump Number: PG541 
 
Gilian GilAir-5 Air Sampling Pump 
Pump Number: PG667 
 
Gilian GilAir-5 Air Sampling Pump 
Pump Number: PG727 
 
Gilian GilAir-5 Air Sampling Pump 
Pump Number: PG744 
 
Gilian GilAir-5 Air Sampling Pump 
Pump Number: PG1515 
 
Gilian GilAir-5 Air Sampling Pump 
Pump Number: PG658 
 
Gilian GilAir-5 Air Sampling Pump 
Pump Number: PG726 
 
Gilian GilAir-5 Air Sampling Pump 
Pump Number: PG176 
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Gilian GilAir-5 Air Sampling Pump 
Pump Number: PG256 
 
Gilian GilAir-5 Air Sampling Pump 
Pump Number: PG679 
 
Gilian GilAir-5 Air Sampling Pump 
Pump Number: PG249 
 
Nielsen-Kellerman Kestrel 5400 Heat Stress Tracker 
SKU family: 0854 
 
Stationary Sampling Tripods 
 
TSI DustTrak DRX Aerosol Monitor 8533 
Serial Number: 8533153303 
 
Tygon tubing and Cassette holders 
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Appendix D: 
Air Monitoring Data 
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